The incidence of diabetic end-stage renal failure (ESRF) varies worldwide and risk factors have been demonstrated in several populations. The objective of the present study was to identify possible factors associated with the risk of development of ESRF in patients with diabetes mellitus (DM). Two groups of diabetic subjects were included in a case-control study: 1) one group was submitted to renal replacement therapies, attending dialysis centers in São Paulo city and 2) the same number of controls without clinical nephropathy (two negative dipstick tests for urine protein), matched for duration of DM, were obtained from an outpatient clinic. A standardized questionnaire was used by a single investigator and additional data were obtained from the medical records of the patients. A total of 290 diabetic patients from 33 dialysis centers were identified, and 266 questionnaires were considered to contain reliable information. Male/female ratios were 1.13 for ESRF and 0.49 for the control group. A higher frequency of men was observed in the ESRF group when compared with controls (53 vs 33%, P<0.00001), although logistic regression analysis did not confirm an association of gender and diabetic nephropathy (DN). Similar proportions of non-white individuals were found for both groups. Patients with insulin-dependent diabetes mellitus (IDDM) were less common than patients with non-insulindependent diabetes mellitus (NIDDM), particularly in the control group (3.4 vs 26.3%, P<0.00001, for controls and ESRF patients, respectively); this type of DM was associated with a higher risk of ESRF than NIDDM, as determined by univariate analysis or logistic regression (OR = 4.1). Hypertension by the time of the DM diagnosis conferred a 1.4-fold higher risk of ESRF (P = 0.04), but no difference was observed concerning the presence of a family history. Association between smoking and alcohol habits and increased risk was observed (OR = 4.5 and 5.9, respectively, P<0.001). A 2.4-fold higher risk of ESRF was demonstrated in patients with multiple hospitalizations due to DM decompensation, which suggested poor metabolic control. Photocoagulation and neuropathy were found to be strongly associated with ESRF but not with macrovascular disease. Data collected in our country reinforce the higher risk attributable to IDDM and the association between hypertension and the progression of DN. Indirect evidence for an association with metabolic control is also suggested.
Introduction
The importance of diabetes mellitus (DM) in terms of public health has increased throughout the world. Changes in behavioral patterns, such as diet and physical activity, have contributed to a higher occurrence of obesity and inactivity in industrialized societies, and consequently to an increased risk of non-insulin-dependent diabetes mellitus (NIDDM). Advances in DM treatment have led to a decreased relative mortality rate and increased prevalence of chronic diabetic complications. Since the great majority of the diabetic population has NIDDM, macrovascular disease is considered to be the main cause of mortality among these individuals (1) . In addition, microvascular disease at kidney level represents an important factor associated with mortality, particularly in insulin-dependent diabetes mellitus (IDDM) patients (2) . Even if renal failure were not the direct cause of death in most NIDDM individuals, diabetic nephropathy (DN) has been suggested to be an independent risk factor of cardiovascular events (3) (4) (5) .
According to the Multicenter Study on Prevalence of Diabetes (6) , approximately 7.6% of the Brazilian adult population is diabetic. In a study conducted on the population under 15 years of age in three cities from the state of São Paulo, we found that almost 8 per 100,000 children become diabetic per year (7) . Increasing IDDM incidence rates have been demonstrated in several countries (8, 9) , affecting a young subset of the population at high risk to develop long-term complications of the disease. DN occurs in 35-40% of all IDDM patients during the course of their disease (10) compared with 6-20% of NIDDM patients (11, 12) . Among the latter, rates of about 50% have been reported in certain ethnic groups (13) . As far as IDDM is concerned, the peak of cases of overt DN occurs 15 years after diagnosis and attempts to arrest the progression to end-stage renal failure (ESRF) have not been successful.
Data from the US, Europe, Japan and Scandinavia have shown an escalating trend in the proportion of diabetic patients with ESRF due to DM accepted for renal replacement therapy (14) . Besides being a debilitating health problem, ESRF due to DM constitutes a relevant socioeconomic issue. In 1990, DN was the single most common cause of ESRF requiring therapy in the US, accounting for more than one-third of all cases, half of them IDDM and half NIDDM (15) . The European Dialysis and Transplant Association has also reported high rates of ESRF due to DM (16) which was the most frequent cause, followed by glomerulonephritis and essential hypertension. Data from the LatinAmerican Society of Nephrology have shown that 19.7% of the patients who required dialysis in 1991 were diabetic (17). Variable percent contributions of DM to ESRF worldwide may suggest a variable risk to develop DN among populations. The clinical characteristics of the patients that progress to ESRF are found in the literature. The mean interval between diagnosis and institution of renal replacement therapy is about 20 years (12), or shorter (17-18 years) for European populations (16) . As expected, IDDM patients develop ESRF earlier than NIDDM patients, and for both types dialysis is more common and earlier in men than in women (18) . Pima Indians, Mexican Americans and Hispanics have been considered to be at high risk while the lowest incidence has been observed in Asian Americans (19) . The reasons for such variability are not clear but are based, at least in part, on genetic predisposition. In addition to a genetic component, metabolic factors may contribute to the development of DN, particularly hyperglycemia (20) . Long duration of the disease, mainly if combined with poor glycemic control, represents a major determinant of chronic diabetic complications. In IDDM, lipid profile disturbances (21), hypertension and/or a family history of hypertension (22, 23) , smoking and high body mass index have also been associ-ated with DN (24, 25) . Despite the considerable contribution of NIDDM to renal replacement therapy (25, 26) , studies on risk factors in these patients are less common (27) . In Brazil, a cross-sectional study evaluated characteristics of NIDDM patients who were proteinuric (28) , but epidemiological data on risk factors for ESRF are not available. It is not known whether factors described for other populations are valid for the Brazilian population.
The V Brazilian Registry on Dialysis and Renal Transplant reported the following causes of ESRF: glomerulonephritis, nephrosclerosis, interstitial nephropathy, metabolic diseases (including DM), hereditary nephropathies, and others (29) . Epidemiological data concerning dialysis procedures in the metropolitan area of São Paulo indicated that DM was the third most common cause of ESRF (30) .
In view of the prevalence of DM in Brazil and its importance among the causes of ESRF, a study of the factors associated with its development is required. Due to the extensive racial admixture of the Brazilian population, comparisons with other populations are limited. Low socioeconomic level may be contributing to poor glycemic control and increased risk of chronic complications. The objective of the present study was to investigate some possible factors associated with the risk of development of diabetic renal complications in patients on dialysis programs in the city of São Paulo.
Patients and Methods
Two groups of diabetic subjects were included in a case-control study. The cases consisted of the whole population of patients submitted to renal replacement therapies attending dialysis centers in the city of São Paulo, each of them visited by one investigator. The control group consisted of diabetic patients matched for duration of DM without clinical evidence of DN. The exclusion of clinical DN was made on the basis of at least two negative dipstick tests for urine protein. Control subjects were obtained from an outpatient clinic at the Federal University of São Paulo, randomly selected as they were routinely visiting their physician, taking into account the matching criteria. A retrospective design was chosen since the process of renal impairment takes a long time to become established and also only a proportion of the diabetic patients will develop this complication. Patients with ESRF and the same number of control subjects were interviewed by the same investigator using a standardized questionnaire to assess prior exposure to specific factors. The data collected were based on this interview and were complemented with data from the medical records of the patients. Cases were excluded when lack of reliability regarding the information obtained was suspected. Questionnaires included birth date, gender, ethnic group, educational level, date of DM diagnosis, type of DM, number of insulin injections per day prior to dialysis therapy, number of hospitalizations due to DM, date of dialysis requirement, presence of hypertension prior to the DM diagnosis, family history of hypertension, concomitant diabetic complications and/or specific treatments, and smoking and alcohol habits. Since in some cases ethnic data were not available, cases and controls were classified into two ethnic groups: white and non-white (black, mulatto, Asian, etc.), according to the impression of the investigator. Classification of DM was checked by the investigator who classified as IDDM those patients whose age of onset was under 30 years, presenting classical signs and symptoms of insulinopenia or ketoacidosis, and requiring insulin therapy since the diagnosis; NIDDM patients were older than 40 years at the time of diagnosis, with a slowly developing disease, treated for at least one year with diet alone or associated with hypoglycemic agents, without ketoacidosis or a positive family history of DM.
Educational level was used as an indirect index of socioeconomic level and three categories were set: I) illiteracy and incomplete primary schooling, II) complete primary schooling and incomplete secondary schooling, and III) complete secondary schooling and university education. The number of insulin injections and hospitalizations (I: up to one; II: 2 to 5; III: >5 hospitalizations) was used as an indicator of metabolic control during the course of the disease. Chronic complications were considered to be positive when there was a history of retina photocoagulation, amaurosis or vitrectomy, in addition to previous myocardial infarction or angina, cerebrovascular disease, peripheral vascular disease, or signs/symptoms of peripheral and autonomic neuropathy. Subjects smoking seven or more cigarettes per day for the last eight years were considered to be smokers in this study; subjects who drank ≥1 liter of a 10% alcoholic drink or ≥0.25 liter of a 40% alcoholic drink or ≥2.0 liters of beer, per day for more than five years, were considered to be alcoholics (31) . Patients with a positive family history of hypertension were those with at least one first-degree relative undergoing antihypertensive treatment.
Parametric and non-parametric tests were used for statistical analysis. Comparison of DM duration between groups was made by the Mann-Whitney test. The unpaired Student t-test was used to compare patient age, reported as mean ± SD. Frequencies of variables in both groups were compared by the Fisher and chi-square tests in order to detect possible associations with ESRF, and odds ratios were obtained for each of the variables studied. Based on these results, logistic regression analysis was performed to evaluate the independent contribution of parameters. A two-sided P<0.05 was considered to be significant.
Results
Thirty-three of the 34 eligible dialysis centers were visited and 290 diabetic patients were asked to answer the questionnaire. Twenty-four questionnaires were excluded due to lack of reliable information (physical or mental limitations of the patient). Of 266 patients undergoing dialysis, 60% were on hemodialysis and ~40% on continuous ambulatory or intermittent peritoneal dialysis. A group of diabetic subjects without DN, matched to the ESRF patients for DM duration, was used as control. Median durations were the same for both groups of subjects (14.0 years, range 0.5-40 years, P = 0.9998), whose characteristics are shown in Table 1 . Considering duration of IDDM and NIDDM separately, IDDM patients in the ESRF group had a longer duration of the disease than those without DN (17.0 vs 13.0 years, P<0.05), which was not the case for NIDDM patients (14.0 and 14.5 years for ESRF and control subjects, respectively). By the time of the study, the mean age of the ESRF group was 55.1 ± 13.4 years (52.0 ± 13.0 years for women and 58.0 ± 14.4 for men), which was lower than in the control group (62.7 ± 12.1 years, P<0.0001). At the onset of DM the mean age of patients who developed ESRF was 37. for the control group IDDM was even less common (N = 9) and these proportions were found to be different between groups (3.4 vs 26.3%, P<0.00001). The presence of chronic pancreatitis was suspected only in the ESRF group but could not be confirmed by radiological procedures. Univariate analysis showed that patients with IDDM were associated with a 7.6-fold higher risk of ESRF than those with NIDDM. Excluding three patients suspected to have pancreatitis did not change this result. Educational level was significantly lower in the control group; ESRF patients had more hospitalizations due to DM decompensation than control subjects (Table 2) . Also, photocoagulation was more frequently required in ESRF patients (79.7 vs 9.8%, P<0.00001) and their risk to undergo this therapy was 36 times higher than for diabetic subjects without DN. A similar situation was observed for amaurosis (54 of 266 patients) and vitrectomy (15 of 266 patients), which did not occur in control subjects. On the other hand, frequencies of cataract surgery did not differ between groups. Coronary heart disease (6.8 vs 2.3%, P<0.0001), cerebrovascular disease (4.5 vs 1.1%, P<0.0001) and extremity amputations (11.3 vs 0.8%, P<0.0001) were more common among the ESRF patients. The same pattern was observed with respect to peripheral (78.9 vs 15.0%, P<0.0001) and autonomic neuropathy (66.1 vs 17.1%, P< 0.0001). Smoking and alcohol drinking habits were associated with the development of renal disease (P<0.0001). Patients with ESRF had been smoking eight cigarettes a day for a mean period of ten years and those without DN had been smoking two cigarettes a day for four years. Increases in the risks of 8.3 and 7.1, respectively, were attributed to the ESRF group. Hypertension diagnosed at the time of DM diagnosis or earlier occurred more frequently among ESRF patients, with their risk to develop this complication being 3.9-fold higher. A family history of hypertension also tended to be more common in this group (146 of 177 patients) when compared to the other (140 of 190 subjects, P = 0.057).
Logistic regression analysis (Table 3) revealed the risk for a patient to develop ESRF when exposed to a certain factor, compared to the absence of such factor. In the presence Table 2 -Distribution of subjects from the two groups studied according to educational level and number of hospitalizations due to DM.
Education: I = illiteracy and incomplete primary schooling; II = complete primary schooling and incomplete secondary schooling; III = complete secondary schooling and university education. Hospitalization: I = up to one; II = 2 to 5; III = >5. Higher educational level and number of hospitalizations were associated with ESRF (P<0.0001). of IDDM, this risk proved to be 4.1 times higher than in the presence of NIDDM (P = 0.05). In contrast to the univariate analysis suggesting a male sex association with ESRF, no increase in this risk was detected by the logistic regression; the same was found regarding ethnic group, educational level and age at diagnosis. The association of ESRF risk with multiple hospitalizations was confirmed by this analysis which demonstrated a 2.4-fold increase when compared with a single hospitalization (P = 0.001). Hypertension by the time of the diagnosis of DM conferred a 1.4 times higher risk for ESRF (P = 0.04) but no difference was observed concerning the presence of a family history. The association of smoking and alcoholism with an increased risk of renal complications was also confirmed (OR = 4.5 and 5.9, respectively, P<0.001). Photocoagulation and neuropathy were found to be associated with ESRF but not with macrovascular disease.
Discussion
Considering the scarcity of data on the magnitude of DN as a cause of ESRF in Brazil, the present study provided an opportunity to evaluate this situation. Since hemodialysis is a specialized procedure, it requires sophisticated conditions such as those available in São Paulo state. This state still represents an important immigration center, resulting in high population admixture probably not comparable to any other worldwide.
The possibility of bias when choosing an outpatient clinic linked to the Federal University of São Paulo as the source of control patients should be considered. Patients with more complicated diabetic disease may be concentrated close to a teaching hospital. However, the detection of differences between the two groups, with and without DN, made our results even more significant. In addition, our findings are in agreement with those from the literature. When using DM duration as the matching parameter, the male/ female ratio differed between groups. It is known that women see doctors more frequently than men; the high proportion of female sex seen in the control group, which depended on spontaneous demand, may be due, at least in part, to this trend. The increased risk of ESRF attributable to the male sex (18) was initially suggested by univariate analysis which was not supported by logistic regression. We cannot exclude the influence of inadequate matching for this parameter, contributing to the lack of statistical significance. Actually, an odds ratio of 1.53 (53% excess of men) suggested that significance could be achieved by increasing the sample. Logistic regression analysis revealed the importance of each type of DM for the risk of developing renal disease. IDDM conferred a 4.1 times higher risk of this complication when compared to NIDDM. Although these data showed borderline significance (P = 0.057), it is possible to confirm the existence of an association between IDDM and increased risk of DN, which is also supported by other studies (32) . As far as ethnicity is concerned, a preponderance of white individuals is found in the São Paulo population (33) and the same pattern was demonstrable in the two groups studied. A similar percent contribution of Asian descendants submitted to dialysis was found as compared with the proportion seen in the general population of this state. No difference in risk of ESRF could be attributable to this parameter. Divergent results have been reported, with higher concentration of ESRF being found in blacks when compared to whites, adjusted to the general American population (34) . In an attempt to clarify this finding, these investigators indicated the increased prevalence of NIDDM in the black population and speculated that other risk factors such as hypertension and poor metabolic control, which should be more frequent among them, may also play a role (35 (20) . Hyperglycemia constitutes the most common factor among all these complications. Association with retinopathy, as evalu-ated by the history of photocoagulation and vitrectomy, was expected since it represents the same microvascular disease located in territories other than the kidney. Also, patients with DN frequently have neurological disturbances and, in fact, some investigators have suggested a causal role for autonomic neuropathy in the genesis of renal injury (40) . Macrovascular disease is seen as the main cause of mortality in diabetic subjects, in particular NIDDM patients (1), in contrast to the incidence of DN which is much lower than in IDDM (32) . In both groups studied, the great majority of the patients evaluated had NIDDM, which could limit the demonstration of an association of ESRF with macrovascular disease by regression analysis. The importance of hyperglycemia in diabetic macroangiopathy has been poorly demonstrated, probably due to other concomitant risk factors commonly associated with DM such as hypertension, obesity and dyslipidemia. Hypertension was associated with DN as found in other studies (41) (42) (43) but as previously mentioned a family history was not, particularly in IDDM (22) . In this type of DM, hypertension is interpreted as a manifestation of renal injury (41, 42) , and its presence is strongly related to the progression to ESRF (44, 45) . In an attempt to demonstrate a possible role of hypertension as determinant of renal disease also in NIDDM, we only evaluated the association of hypertension detected prior to the definition of the diabetic condition. Using these criteria, we showed that hypertension almost doubled the risk of developing ESRF, corroborating the hypothesis of early systemic and renal hemodynamic abnormalities in the genesis of DN (46) . Smoking has been associated with microalbuminuria in IDDM (47, 48) , but it is not clear if it represents an independent factor contributing to the progression of renal disease (49) . The thromboxane-induced vasoconstriction effect of smoking on temporary elevation of blood pressure (50) associated with the observation of insulin resistance among smokers (51) raises the possibility that smoking predisposes to a persistent blood pressure increase and consequently to renal damage. Our findings are consistent with a deleterious effect of smoking on the development of ESRF by diabetic patients. Association with alcohol drinking was not previously described, except for DM secondary to pancreatitis. Educational level, used as an indirect index of socioeconomic level, did not favor the hypothesis that low income predisposes to ESRF. In summary, data collected in Brazil confirmed the higher risk of DN attributable to IDDM and the association of hypertension with the progression of diabetic renal disease. Indirect evidence for an association with metabolic control is also suggested.
